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RHEUMATOID ARTHRITIS MARKERS 

^^^^^^ 
may have certain rights in the invention. 


BACKGROUND 

J. Technical Field 

The tendon relates to methods and materials involved in determining the seventy of a 
rheumatoid arthritis condition. venryoia 

2 Background Information 

Rhe„ma,„id arthritis (RA) affects individua , s .„ (he pr . me of )ifc ^ , s feTOd 

because of lts po.en.ia! .„ cause chronic pain and irreversible damage of tendons, hgaments 
^nts, and b OMS . The symmetrical invo|vemeM of smai[ ^ joiMs ^ ^ 

■mpac, on hand and foot functions and poses ,herapeu,ic chailenges ,ha, canno, be easily 

b T in ' reP '™ A1S °' ~ mMifc — ° CRA » - - - can range 
*» re at,ve y m,„or problems, such as rheumatoid „odu,es, to life-threatening organ disease 

n addmon, RA is a systemic inflammatory disease ma, primarily manifests uself as ' 

synovta, , nfl amma ti0 „ of diarthrodia, joints. The typica, histopathoiogica, changes inciude 

ense mflhrafon of me synovia, membrane by mononuCear ceiis, neoangiogenesis, and 

hypertrophy and hyperpiasia of the synovia, lining (Harris (ed); Rheumatoid Arthritis 

Phdadeiphia, WB Saunders Co., pp.3-212 (1997); and Hale and Haynes: Pathology of 

rheumatoid -"is and associated disorders. Arthritis and Allied Conditions. A textbook of 

Rheumatology. Edited by Koopman. Baltimore, Williams 4 WUkins, pp.993-,0,6 (1997)) 

«e ^pathogenesis of me syndrome is no, we,, understood. Several hues of evidence su port 

a ce , r , of T lymphocytes in the disease-specinc pathogenic events (Todd „ < S ZT 

Z r 9(, r );Pmay,e ' < "'^ Mm - 35:729 - TO <-^--ron Z ya„ 
Wey-d, X heum . 0i , c ,„. NorlhAm ^ 2 , :655 . 6?4 ([995)) ^ aitema(ive 

•ha, macrophages are me pivotal ce„ type in rheum atoid synovitiSi has ^ ^ ' 
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(Firestein and Zvaifler, Rheum 33 . 768 

Rheum , 40-5-18 H99TO Wk ... , Bunnester « „/., ^ite 

element b JfZ 2 f ' Ce, ' S " ^ « - * causative 

addition, no information is ^ J™ ° f "» ~ ™ ^ extensively. ,„ 
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SUMMARY 

The invention involves evaluating arthritis condilions s 

•hanapatientvlr" ^ rf ^*»*».. 

-ere arthritis oo„Z 12 1,7 ^ * ^ ^ °** - 

^~;.r:i:rjr:" 4h,,fc,,b ^ 

materials that can be nsed * „«• , , Pr ° vWeS methods 

of » arthritis J^T^ " ^ 8 «« 

P tS 8reato aCC ™^ ta "">™ 8 ^ prognosis of the 
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condition in a patient The method includes determining whether or no. a sample from the 
mamma, contains an eievated ,eve, of a CD2 1 L polypeptide, where the presence of the e,eva,ed 

mdtcates that the arthritis condition is severe. The arthritis condition can he rheumatoid 
p.. The sample can be a tissue samp,e (e.g., a synovia, tissue sample). The prince or 

In another embodiment, the invention features a method for determining the severity of 
^,« 1 scond 1 tioni„a m amma,.™e m e A odi„c, u desde t erm 1 „i„ g w hemerornotasmlp|e 

.o ,! z ztt T m m eieva,ed ievei ° u «~ ** 

1 0 level indtcates that the arthritis condition is severe. 

Another embodiment of the invention features a method for determining the severity of 
an arttahs condition i„ . patien , The mM ^ ^ ^ ^ J»« 

from the mamma, contains an e.evated ,eve, of a chemoattractant polypeptide, where the 

- 15 l irr '" diCateS ^ ^ arthri ' iS C °" di,i0n ' SeWe ^ - - a B- 

m i a lymphocyte chemoattractant polypeptide. 

an arthrr °' he H ^ * fa - -erity of 

2 - in a _ The memod inCudes de te rmin,„g whether or not a sample 

m the mamma, comams at leas, one marker, the marker being an elevated level of a CD2 tL 

polypeptide, an Cevated ,eve, of a ,ymph„t„xi„-0 pCypeptide, or an eievated ,eve, of a 
ehem ati polypep(jde> ^ ^ ^ ^ ^ ^ ^ ^ ^ 

2l : SeVCTe - ^ CMdi,i °" ™ bC *™ The mammal 

can be a human. The sample can he a tissue sample (e.g., a synovia, tissue sample). The a, leas, 

level of a chemoattractant porypeptide. The chemoattractan, can he a B-iymphocyte 
chemoatitacan, po,ypep,ide. The method can include determinmg whemer or no, me sample 
contams a, leasttwo of the markers. The method can include determinmg whether or noTI 
sample contams a, ieas, three of the markers. The method can inciude determining whether or 
not the sample contains at least four of the markers. 

,n another embodiment the invention features a method of assisting a person in 
determtmng the seventy of an arthritis condition i„ a patient. The method includes (a) 
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determining whether or no, a sample from the patient contains an elevated level of a CD21L 
Polypept.de, and (b) communicating information abon, the presence or absence of the elevated 
level ,„ the sample to the person, where the presence of the elevated level indicates mat the 
arttatis condition is severe. The person can be a medical or research professtonal. The person 
can be a doctor, a nurse practitioner, a research scientist, or a research technician. The arthritis 
condition can be rheumatoid arthritis. The sample can be a tissue sample (e.g., a synovial tissue 
sample). The communication can inc.ude sending the information directly ,„ the person The 
communication can include sending the information indirectly ,„ the person The 
commumcation can include making the infection electronically available to the person 

Another embodiment of the invention features a method of assisting a person in 
determining the severity of an arthritis condmon in a patient. The method indudes (a) 
determining whether or no, a sample ftom the patient contains an elevated level of a 
lympho.oxi„-p polypeptide, and (b) communicating information about the presence or absence 
of the elevated level in the sample to the person, where the presence of the elevated level 
1 5 indicates that the arthritis condition is severe. 

Another embodiment of the invention features a method of assisting a person in 
determining the severity of an arthritis condition in a patient. The method includes (a) 
determmmg whether or no, a sample from the patient contains an elevated level of a 
chemoattractant polypeptide, and (b) communicating information about the presence or absence 
of tire elevated level in the sample ,„ the person, where me presence of the elevated level 
indicates that the arthritis condition is severe. The chemoattractant polypeptide can be a B- 
lymphocyte chemoattractant polypeptide. 

Another embodiment of the invention features a method of assisting a person in 
_ determining the severity of an arthritis condition in a mammal. The method includes (a) 
> etermining whether or no, a sample from the mamma, co„,ai„s a, leas, one marker, the marker 
being an elevated level of a CD2 1 L polypeptide, an elevated ievel of a lymphotoxin-0 
polypeptide, or an elevated level of a chemoatttactan, polypeptide, and (b) commumcating 
information abou, me presence or absence of ,he a, leas, one marker in the sample to the person 
where the presence of the a, leas, one marker indicates ma, the arthritis condition is severe The' 
person can be a medical or research professional. The person can be a doctor, a nurse 
practittoner, a research scientis,, or a research technician. The arthritis condition can be 
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rheumatoid arthritis. The mammal can be a human or rodent. The sample can be a tissue sample 
(e.g., a synovial tissue sample). The at least one marker can be the elevated level of a CD21L 
polypeptide. The at least one marker can be the elevated level of a lymphotoxin-p polypeptide. 
The at least one marker can be the elevated level of a chemoattractant polypeptide. The 
5 chemoattractant polypeptide can be a B-lymphocyte chemoattractant polypeptide. The 

communication can include sending the information directly to the person. The communication 
can include sending the information indirectly to the person. The communication can include 
making the information electronically available to the person. The method can include 
determining whether or not the sample contains at least two of the markers. The method can 
1 0 include communicating information about the presence or absence of the at least two markers in 
the sample to the person. The method can include determining whether or not the sample 
contains at least three of the markers. The method can include communicating information about 
the presence or absence of the at least three markers in the sample to the person. The method can 
include determining whether or not the sample contains at least four of the markers. The method 
can include communicating information about the presence or absence of the at least four 
CO markers in the sample to the person. 

% In another aspect, the invention features a kit containing at least two oligonucleotide 

primer pairs, where each of the primer pairs amplifies a different target nucleic acid sequence, 
where the target nucleic acid sequence is a CD21L nucleic acid, a lymphotoxin-(3 nucleic acid, or 
I j 20 a B-lymphocyte chemoattractant nucleic acid. 

p in another embodiment, the invention features an article of manufacture containing at 

? " least two oligonucleotide primer pairs and a label or package insert indicating that each of the at 
least two oligonucleotide primer pairs can amplify a different target sequence in an amplification 
reaction, where each target sequence is a CD21L nucleic acid, a lymphotoxin-P nucleic acid, or a 
25 B-lymphocyte chemoattractant nucleic acid. 

Unless otherwise defined, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention 
pertains. Although methods and materials similar or equivalent to those described herein can be 
used in the practice or testing of the present invention, suitable methods and materials are 
30 described below. All publications, patent applications, patents, and other references mentioned 
herein are incorporated by reference in their entirety. In case of conflict, the present 
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spe ci fi ca t ion, including win coniroi. In addUion, me — , methods, and 

^nles are illustrative only and not intended to be limiting. 

detailed description, and from the claims. 

DESCRIPTION OF DRAWINGS 

• u t '„ n fiT n T T-B or LT-B receptor transcripts to 
Figure 1 is a bar graph plotting the ratio of LT-a, L 1 p, or l, 

10th and 90th percentiles. 
5 DETAILED DESCRIPTION 

iS'. a peptide, or a cnemoattractan, P*^ - • 

elevated level, then the arthritis condition can be classified as no. severe- 

ThelevdofaCDllLpolypepttdecanbedeterminedbymeasunnganyCDllL 

pol ^L ta d,n g >«H„n,i— — ^Tt^SS. 
C»pe P .idesinc«^ 
30 accession number J03565), equine CD2 1L , canine CD21L, and mouse CD2!L. ™ _ 
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including, without 1—, natrve and — ,ympho.oxin-p polypeptide, Espies of 
.ympho.oxin-p- peptides tnc.ude, without hmitauon, human ^ C*. GenBank 
accession number LI 101 J) equine lymph„<oxin-0, canine ,ympho,oxin-p, and mouse 
^pbotoxin-p. The,erm"chemoat, ^ V ^^^^-'J^ 
L directs the migration of a cel. ,„ the chemotax.s assay descnbed by Cru.kshank e, l 
(Cruikshank^M. /— I 138:38.7-3825 (1987)). Examples of chemoattractan. 
polypeptides include, without limitation, B-lymphocyte chemoattractan, polypeptrdes (e.g., 
GenBank® accession number AF044197) and secondary lymphoid tissue cytotanes (e.g., 
GenBank® accession number U88320). 

The term "elevated level" as used herein with respect to the level of a CD21L 
polypeptide, a .ymphotoxin-p- polypeptide, or a chenroattraOan, polypept.de is any leve, that ,s 
greater than a reference level for a CD21L polypeptide, a lymphotox.n-P po ,pept,de or . 
Lnoattractan, po.ypep.ide. The term "reference leve," as used herein w„h respect ,0 . XD2.L 
polypeptide, a .ymphotoxin-P polypeptide, or a chemoattractan, po.ypep.rde ,s the !eveU,fa ^ 
CD2 1 L polypeptide, a .ymphotoxin-p- polypeptide, or a chemoattractan. po.ypephde^ 

can be the average leve. of CI&lW** « is present in samp.es ohtamed from a 
random sampling of 50 patients with mi.d RA. Again, mammals with a mi.d RA condmon 

severe RA condition. Typical.y, a mamma, w,th a mud RA condition has jom, Ussue lackmg 

germinal centers. t . . n 

« wi,, be appreciated that .eve.s from comparable samples are used when determmmg 

whether or not a particular leve, is an e.evated ,eve,. For examp.e, *e average .even, 
,ympho«oxin-p polypeptide present in synovia, tissue from a random samp.mg of RA p hents 
lay be 30 units/g of synovral tissue, whi.e the average ,eve, of l y mpho,ox,n-p polypept d 
present in b.ood tissue from the same random samp.ing of RA patterns ma, be .0 un,ts/g of 
b.ood tissue, .n th,s case, the reference leve, for fymphotoxin-P po.ypept.de ,n synovva, nssue 

Hood tissue wou,d be 10 u„i,s,g of blood tissue. Thus, when determining whether or no 
,cve. of lymphotoxin-0 po.ypeptide measured in synovia, ussue is e.evated, the measured level 
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would be compared to the reference level for lymphotoxin-P polypeptide in synodal tissue (i.e., 

30 units/g of synovial tissue). 

An elevated level of a CD21L polypeptide, a lymphotoxin-P polypept.de, or a 
che—tan, polypeptide can be m level provided that the level is greater than a 
corresponding reference level for a CD21L po.ypeptide, a lymphotoxin-P polypept.de, or a 

polypeptide can be 0.5, !, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 5, 20, or more times greater than fte 
Lrence .eve, for B-lymphocyte chemoattractant. In addition, a reference level can be any 
amount. For example, a reference level for CD21L polypept.de can be zero. ,n this case, an, 
,evelofCD21L P olypeptidegreaterthanzero W ot.ldbeaneleva,edlevel. 

Any method can be used to determine the level of a CD21L polypeptide, a lymphotoxm- 
P polypeptide, or a chemoattractant polypeptide present w.thin a sample. For example 
"orescent activated eel, sorting (FACS) analysis can be used to determine the level o a CD21L 
polypeptide present within a sample. Briefly, a cell samp.e can be obtained and stamed w.ft 
a„,i-CD21L antibodies such that the number of celis expressing CD21L is de.erm.n^. ,» th 
case the ,eve, of a CD2.L polypeptide present w.thin a sample is determ.ned b, eva.uatmg the 
number of cells express.ng CD21L polypeptide. ,n other words, comparing the number of 
CD21L polypeptide-expressing ce„s (e.g., percent of cells pos.tive) within samples- be used 
,0 determine whether or no, a particuiar sample contains an elevated level of a CD 1L 
polypeptide. Alternatively, the level of a CD21L polypeptide, a lymphotoxin-P - 

detection methods such as western bio, and immunochemistry techniuues. Another medtod 
can be used to determine the level of a CD21L polK**, a lympho,oxin-P polypept.de, or a 
chemoattractant polypepude presen, within a sample can be funcuonai. For example, . 
chemotaxis assay can be used to determine whether or no. a synovial fluid sample eontams an 
elevated level of a chemoattractant polypeptide. 

The level of a CD21L polypeptide, a ,ympho,oxin-P polypeptide, or a chemoattractant 
polypeptide presen, within a sample also can be determined by measuring the level of an mRNA 
that corresponds to a CD21L polypeptide, a lymphotoxm-P po.ypeptide, or a chemoattractant 
polypeptide. Any method can be used to measure the leve, of a CD2.L mRNA, a lymphotox.n-P 
mRNA or a chemoattractan, mRNA mcluding, without limi,a,ion, PCR-based methods. For 
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example, RT-PCR can be used with oligonucleotide primers designed to amplify CD21L mRNA. 
Any method can be used to identify primers capable of amplifying a CD21L mRNA, a 
lymphotoxin-P mRNA, or a chemoattractant mRNA. For example, a computer algorithm can be 
used to search a database (e.g., GenBank®) for CD21L, lymphotoxin-P, or a chemoattractant 
nucleic acid or amino acid sequences. Examples of oligonucleotide primer sequences for 
amplifying a CD21L mRNA include 5 ' -GTGG ATTTACTTTG AAGGGC A-3 ' (SEQ ID NO: 1) 
and 5' -GGCATGTTTCTTCACACC-3 ' (SEQ ID NO: 2). Examples of oligonucleotide primer 
sequences for amplifying a lymphotoxin-P mRNA include 5'- 
ATCAGGGAGGACTGGTAACGGA -3' (SEQ ID NO: 3) and 5'- 

GAGGTAATAGAGGCCGTCCTGC -3' (SEQ ID NO: 4). Examples of oligonucleotide primer 
sequences for amplifying a B-lymphocyte chemoattractant mRNA include 5'- 
TCTCTGCTTCTCATGCTGCTGG -3' (SEQ ID NO: 5) and 5'- 

AGCTTGAGGGTCCACACACACA -3' (SEQ ID NO: 6). Any method can be used to analyze 
the amplified products. For example, amplified products corresponding to a CD21L mRNA can 
be separated by gel electrophoresis, and the level of CD21L-specific product determined by 
densiotometry. Alternatively, the level of CD21L-specific product can be determined by an 
ELISA technique. 

Any type of sample can be used to evaluate the level of a CD21L polypeptide, a 
lymphotoxin-P polypeptide, or a chemoattractant polypeptide including, without limitation, 
synovial tissue or synovial fluid. In addition, any method can be used to obtain a sample. For 
example, a synovial tissue sample can be obtained by joint biopsy. Once obtained, a sample can 
be manipulated prior to measuring the level of a CD21L polypeptide, a lymphotoxin-P 
polypeptide, or a chemoattractant polypeptide. For example, a synovial tissue sample can be 
treated such that total mRNA is obtained. Once obtained, the total mRNA can be evaluated to 
25 determine the level of CD21L mRNA, chemoattractant mRNA, or lymphotoxin-P mRNA 

present In another example, a synovial tissue sample can be disrupted to obtain a population of 
individual cells. Once obtained, the cells can be prepared for FACS analysis to determine the 
level of CD21L polypeptide present within the sample. 

The invention provides for kits that can be used to determine whether or not a sample 
30 contains an increased level of a CD21L polypeptide, a lymphotoxin-P polypeptide, or a 
chemoattractant polypeptide by measuring the level of a CD21L mRNA, a lymphotoxin-P 
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mRNA, or a chemoattractant mRNA. Such kits can contain at least two pairs of oligonucleotide 
primers. Each of the oligonucleotide primer pair can be used to amplify a different target 
sequence during a PCR. For example, one target sequence can be a B-lymphocyte 
chemoattractant mRNA while another target sequence is a lymphotoxin-P mRNA. The kits 
5 provided herein also can contain (1) a reference chart that indicates a reference level for a 
particular polypeptide or mRNA, (2) a positive control sample, and/or (3) a negative control 
sample The positive control sample can be a sample that contains a known amount of a CD21L 
nucleic acid, a lymphotoxin-P nucleic acid, or a chemoattractant nucleic acid, while the negative 
control sample can be a sample that lacks CD21L nucleic acid, lymphotoxin-P nucleic add, or 
10 chemoattractant nucleic acid. The kits can be configured in any type of design (e.g., microtiter 
plate design) and can be made of any type of material (e.g., plastic). 

The invention also provides methods and materials to assist medical or research 
professionals in determining the severity of an arthritis condition in a mammal. Medical 
professionals can be, for example, doctors, nurses, medical laboratory technologists, and 
15 pharmacists. Research professionals can be, for example, principle investigators, research 

technicians, postdoctoral trainees, and graduate students. A professional can be assisted by (1) 
determining the level of a CD21L polypeptide, a lymphotoxin-P polypeptide, or a 
chemoattractant polypeptide in a sample, and (2) communicating information about one or more 

of those levels to that professional. 

20 Any method can be used to communicate information to another person (e.g., a 

professional). For example, information can be given directly or indirectly to a professional. In 
addition any type of communication can be used to communicate the information. For example, 
mail, e-mail, telephone, and face-to-face interactions can be used. The information also can be 
communicated to a professional by making that information electronically available to the 

25 professional. For example, the information can be communicated to a professional by placing 
the information on a computer database such that the professional can access the information. In 
addition, the information can be communicated to a hospital, clinic, or research facility serving 

as an agent for the professional. 

The invention will be further described in the following examples, which do not limit the 

30 scope of the invention described in the claims. 
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EXAMPLES 

Example 1 - Synovial ly m phoid micr ostructures 
Synovial tissue samples were obtained at the time of joint surgery from 64 patients with 
active rheumatoid arthritis (RA). The samples were frozen, embedded in OCT (Sakura Finetek 
USA, Torrance, CA), and cut into 5 urn sections. The sections were mounted on slides 
(SuperFrost/Plus, Fisher Scientific, Pittsburgh, PA) and stored at -70°C. Before staining, the 
sections were fixed in acetone for 10 minutes, air dried, and further fixed in 1% 
paraformaldehyde/EDTA (pH=7.2) for 3 minutes. Endogenous peroxidase activity in the 
sections was blocked with 0.3% H 2 0 2 in 0.1% sodium azide. Non-specific binding was blocked 
with 5% porcine serum for 15 minutes. The blocked sections were incubated with mouse anti- 
human LT-al/p2 mAb (1 :200) for 30 minutes at room temperature. After a thorough washing, 
the labeled sections were treated for 30 minutes with the EnVision+ reaction reagent 
(DAKOUSA, Carpinteria, CA) and developed with 3,3'-diaminobenzidine tetrahydrochloride 
(DAB). The DAB-stained sections were washed with tap water and subsequently blocked for 15 
minutes with 5% goat serum. After this 1 5 minute blocking step, the sections were stained with 
mouse anti-human CD20 mAb (1 : 1 00; DAKOUSA) for 60 minutes at room temperature. After 
incubation with biotinylated rabbit anti-mouse Ig antibody (1 :300; DAKOUSA), the labeled 
sections were incubated with VectaStain ABC-AP (Vector Laboratories, Burlingame, CA) for 30 
minutes and then developed with Vector Red substrate (Vector Laboratories) for 3 minutes. The 
negative controls were sections incubated with the secondary antibody and not the primary 
antibodies. Once developed, the sections were counterstained with hematoxylin for 5 seconds 
and mounted in Cytoseal-60 (Stephens Scientific, Riverdale, NJ). A pathologist analyzed the 
resulting double-labeled hematoxylin sections to determine the arrangement of T cells, B cells, 
macrophages, and dendritic cells within each sample. Each sample was subsequently grouped 
into one of three categories. The first category contained samples with a diffuse infiltration of T 
cells and B cells (no lymphoid organization). The second category contained samples with B 
cell-T cell follicles lacking germinal centers (GC follicles). The third category contained 
samples with GC-positive B cell-T cell follicles (GC + follicles). 

Thirty-six of the 64 samples analyzed were found to have cells diffusely arranged. 
Thirteen of the 64 samples analyzed were found to have cells organized into GC" follicles. 
Fifteen of the 64 samples analyzed were found to have cells organized into GC + follicles. Thus, 
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56 3% of the samples analyzed were placed in the first category, 20.3% of the samples analyzed 
were placed in the second category, and 23.4% of the samples analyzed were placed in the third 
category. These results demonstrate that a tissue sample from an RA patient can be placed mto 
one of three different categories based on lymphoid organization. 

^.m pl* 9 - CD21L identifies rheumato id arthritis samples with GC + follicles 
A portion of each of the synovial tissue samples described in Example 1 was used to 
isolate RNA. Total RNA was extracted from each portion using TRIzof (Life Technologies). 
Once extracted, the total RNA was used in an RT-PCR with primers designed to amplify CD21L 
sequences. The sequences of the CD21L primers were 5 ' -GTGGATTTACTTTGAAGGGCA-3 ' 
(SEQ ID NO: 1) and 5 ' -GGC ATGTTTCTTCACACC-3 ' (SEQ ID NO: 2). Primers designed to 
amplify P-actin were used as a control. The sequences of the P-actin primers were 5'- 
ATGGCCACGGCTGCTTCC AGC-3 ' (SEQ ID NO: 7) and 5'- 

C ATGGTGGTGCCGCC AGACAG-3 ' (SEQ ID NO: 8). Following the RT-PCR, the amplified 
products were separated by 2% agarose gel electrophoresis. 

Amplified products corresponding to CD21L were detected in 15 of the 64 samples 
(23 4%) All of these 15 samples positive for CD21L were from samples found to have cells 
organized into GC + follicles when analyzed in Example 1 . No CD21L signal was detected in the 

remaining 49 of 64 samples. 

These results demonstrate that the presence of CD21L in a sample canj^Jhe 
presence olGC + . follicles. These results also demonstrate that CD21L can be used as a marker to 
determTe the severity of an RA condition. In summary, detesting CD21L in a sample can 
indicate that that sample came from a patient with a severe RA condition. 

Rum ple 3 - Tiss - n"""™ ™d ehem olcine levels correlate to lymphoid cell or ganization ina 

sample 

Total RNA described in Example 2 was used in an RT-PCR with primers designed to 
amplify p-actin. The sequences of the p-actin primers were 5'- 
ATGGCCACGGCTGCTTCCAGC -3' (SEQ ID NO: 7) and 5'- 

CATGGTGGTGCCGCCAGACAG -3' (SEQ ID NO: 8). The resulting RT-PCR amplification 
products were analyzed for P-actin transcripts by semiquantitative PCR-ELISA. Following P - 
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actin transcript analysis, each sample containing RT-PCR amplification products was adjusted to 
contain an equal amount of p-actin transcripts. Once adjusted, the samples were amplified by 
PCR with primers for lymphotoxin a (LT-a), lymphotoxin p (LT-P), B-lymphocyte 
chemoattractant (BLC), secondary lymphoid tissue cytokine (SLC), dendritic cell-derived C-C 
chemokine (DC-CK 1), macrophage chemoattractant protein- 1 (MCP-1), or p-actin. The 
sequences of the primers were as follows: 

LT-a 5 '- GCTGCTCACCTCATTGGAGA -3 ' (SEQ ID NO: 9) 

5'- GGTGGATAGCTGGTCTCCCT -3' (SEQ ID NO: 10) 
LT-p 5 '- ATCAGGGAGGACTGGTAACGGA -3 ' (SEQ ID NO: 3) 

5'- GAGGTAATAGAGGCCGTCCTGC -3' (SEQ ID NO: 4) 
BLC 5'- TCTCTGCTTCTCATGCTGCTGG -3' (SEQ ID NO: 5) 

5'- AGCTTGAGGGTCCACACACACA -3' (SEQ ID NO: 6) 
SLC 5'- CCCCAGGACCCAAGGCAGTGAT -3' (SEQ ID NO: 1 1) 

5'- TGTGACCGCTCAGTCCTCTTGC -3' (SEQ ID NO: 12) 
DC-CK 1 5'- GGTGTCATCCTCCTAACCAAG -3' (SEQ ID NO: 13) 
5'- GGAAAGGGGAAAGGATGATA -3' (SEQ ID NO: 14) 
MCP-1 5'- GCTCAGCCAGATGCAATCAA -3' (SEQ ID NO: 15) 

5'- GCAATTTCCCCAAGTCTCTG -3' (SEQ ID NO: 16) 

Each PCR amplification cycle consisted of a denaturing step at 94°C for 30 seconds, an 
annealing step for 1 minute, and an elongating step at 72°C for 1 minute. The annealing 
temperatures for the various primers were 55°C for p-actin, BLC, LT-p, DC-CK 1, and MCP-1, 
58°C for LT-a, and 60°C for SLC. Each reaction began with a single denaturing step at 94°C for 
10 minutes and ended with a single elongating step at 72°C for 10 minutes. During the reactions, 
the amplification products were labeled with digoxygenin-1 1-dUTP (Roche Molecular 
Biochemicals - Boehringer Mannheim, Indianapolis, IN). Once labeled, the amplification 
products were semiquantified using an ELISA kit (PCR-ELISA, Roche Molecular Biochemicals 
- Boehringer Mannheim). Briefly, the ELISA kit protocol involved hybridizing the labeled 
amplification products to biotinylated internal probes specific for the sequences of interest. The 
sequences of the probes were as follows: 

P-actin 5'- TTCCTTCCTGGGCATGGAGT -3' (SEQ ID NO: 17) 
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LT-a 5'- CCAGTGGCATCTACTTCGTCTAC -3' (SEQ ID NO: 1 8) 

LT-p 5'- GAGGAGCCAGAAACAGATCTCAG -3' (SEQ ID NO: 19) 

BLC 5'- TCCCTAGACGCTTCATTGATCG -3' (SEQ ID NO: 20) 

SLC 5'- CTCCATCCCAGCTATCCTGTTC -3' (SEQ ID NO: 21) 

DC-CK 1 5'- CTTTTAAGAGTCCCATCTGCTATG -3' (SEQ ID NO: 22) 

MCP- 1 5 '- GAAGACTTGAACACTCACTCCAC -3 ' (SEQ ID NO: 23) 


To perform the hybridization, the labeled amplification products were incubated with 200 ng/mL 
probe at 42°C for p-actin, 50°C for DC-CK 1 and MCP-1, and 55°C for LT-a, LT-p, LT-pR, 
10 BLC, and SLC. After 2.5 hours of incubation, the resulting hybrids were immobilized on 

streptavidin-coated microtiter plates. After washing, the hybrids were labeled with a peroxidase- 
conjugated anti-digoxigenin antibody. Peroxidase activity was detected using ABTS (2,2'-azino- 
O di-[3-ethylbenzthiazoline sulfonate (6)] diammonium salt) substrate and quantified using a 

kinetic microplate reader (Molecular Devices, Sunnyvale, CA). The number of cytokine- or 
**l 1 5 chemokine-specific transcripts was determined using a standard curve and expressed as the 
CO number of cytokine or chemokine transcripts per 1 x 1 0 6 P-actin transcripts. 
V Samples with GC + follicles were found to contain higher levels of LT-a and LT-p 

:^ transcripts when compared to the levels measured in either samples with GC" follicles or samples 
!=j with no lymphoid organization (Figure 1). In samples with GC + follicles, the median LT-a and 

f|j 

[ - j 20 LT-p transcript numbers were 182 and 441, respectively. In samples with GC" follicles, the 
p median LT-a and LT-p transcript numbers were 42 and 35, respectively. In samples with no 

lymphoid organization, the median LT-a and LT-p transcript numbers were 10 and 43, 

respectively. 

Samples with GC + follicles were also found to contain higher levels of BLC and SLC 
25 transcripts when compared to the levels measured in either samples with GC" follicles or samples 
with no lymphoid organization (Figure 2). In samples with GC + follicles the median BLC and 
SLC transcript numbers were 2139 and 212, respectively. In samples with GC" follicles, the 
median BLC and SLC transcript numbers were 159 and 124, respectively. In samples with no 
lymphoid organization, the median BLC and SLC transcript numbers were 97 and 88, 
30 respectively. 
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To rule out the possibility that the elevated levels of BLC and SLC in samples with GC + 
follicles were artifacts of increased inflammatory activity, two additional chemokines, DC-CK 1 
and MCP-1, were analyzed. All samples contained transcripts for DC-CK 1 and MCP-1. 
Median DC-CK 1 and MCP-1 transcript numbers were not statistically different across all 
5 samples analyzed. 

These results demonstrate that LT-a, LT-p, BLC, and SLC transcript levels are elevated 
in samples with GC + follicles compared to the levels measured in either samples with GC" 
follicles or samples with no lymphoid organization. In addition, these results indicate that the 
detection of an elevated level of a cytokine or chemokine such as LT-a, LT-p, BLC, or SLC in a 
10 sample can be used to predict the severity of an RA condition. 



Example 4 - Predicting the presence of GC + follicles in a sample by logistic regression modeling 

of cytokine/chemokine transcript levels 
£0 In situ cytokine/chemokine production was compared by nonparametric testing using 

JJJ 15 SigmaStat software (SPPS, Chicago, IL). Cytokine and chemokine transcript levels were 
HI analyzed as continuous variables. Following this analysis the continuous variables were 
4: transformed into discrete variables by recursive partitioning to define optimal transcript level 
1 9 . cutoffs. After identifying the cutoffs, logistic models were used to identify discrete variables that 
Ml correlated with an increased likelihood of GC + follicle presence in a sample. This analysis was 
[,j 20 done using SAS statistical software. 

Although several continuous variables distinguished samples with and without GC + 
follicles, none of these variables had a Gaussian distribution. Thus, each continuous variable 
was transformed into a discrete variable by recursive partitioning. Logistic regression analysis 
was performed to determine whether any discrete variables correlated with GC + follicle presence. 
25 In the univariate analysis, high concentrations of LT-a, LT-p, BLC, SLC, DC-CK 1, and MCP-1 
were predictive of GC + follicles. LT-p and BLC transcript levels were, however, the most 
powerful predictors of GC + follicle presence in a sample. The probability of encountering GC + 
follicles in a sample was 31 -fold higher if LT-p-transcripts were present at levels above 315. 
Similarly, BLC transcript levels higher than 1,800 increased the probability of encountering GC + 
30 follicles in a sample by a factor of 3 1 . 
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Multivariate analysis was performed to determine whether the different 
cytokine/chemokine transcript levels were dependent or independent variables with respect to 
predicting GC + follicle presence in a sample. LT-|3 and BLC transcript levels were independent 
predictors of GC + follicle presence in a sample (Table 1). Significance for SLC was lost after 
bootstrapping was performed to control for the sample size. None of the other parameters 
continued to be significant after correction for LT-p and BLC measurements. 

These results demonstrate that elevated levels of cytokines and chemokines can be used 
to predict the presence of GC + follicles in a sample. Specifically, these results indicate that 
elevated levels of LT-P and BLC transcripts are independent predictors of GC + follicles in a 
sample. Therefore, statistical analysis of LT-P or BLC transcript levels, or the transcript levels 
of other related cytokines and chemokines, will serve to determine the severity of an RA 
condition. 


pea 

m 

Variable 

Cutoff point* 

Odds ratio (95% CI) 

P 

to 
M 

LT-p 

315 

15.45 (2.72-87.59) 

0.002 


BLC 

1800 

14.03 (2.22-88.58) 

0.005 

M 

SLC 

550 

14.17(1.30- 159.60) 

0.03* 

w 
rij 

LT-a 

110 

3.56 (0.49-25.69) 

0.209 

p 

MCP 

875 

1.60(0.26-9.96) 

0.617 

3 ; 

DC-CK 1 

3840 

999 (0.00 - 999.00) 

0.954 


Optimal cutoff points (number of transcripts) for cytokine concentrations were identified by 
recursive partitioning. Multivariate logistic regression models were developed using a 
stepwise approach. 

* Did not withstand bootstrap model validation. 

20 OTHER EMBODIMENTS 

It is to be understood that while the invention has been described in conjunction with the 
detailed description thereof, the foregoing description is intended to illustrate and not limit the 
scope of the invention, which is defined by the scope of the appended claims. Other aspects, 
advantages, and modifications are within the scope of the following claims. 
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